Abstract. We study a nonlinear problem which occurs in the theory of particulate formation in supersaturated chemical solutions. Mathematically, the problem involves the bifurcation of timeperiodic solutions in an initial-boundary value problem involving a nonlinear integro-differential equation. The mechanism controlling the oscillatory states is revealed by combining the theory of characteristics for first order partial differential equations with the multi-time scale perturbation analysis of a certain third order system of nonlinear ordinary differential equations.
1. Introduction. This paper was stimulated by a nonlinear problem which has recently arisen in the theory of particulate formation in supersaturated chemical solutions. We shall treat it and some mathematical generalizations of it here.
The specific problem which motivated our study is that of finding timeperiodic solutions of the nonlinear integro-differential equation In 2 we shall derive this problem from the governing fundamental chemical principles.
The key step in the analysis of this problem will be to obtain and analyze a certain system of nonlinear ordinary differential equations (the moment equations) for the moment functions mk(t), k 1, 2, 3, defined by (1.4) rn(t) . xy(x, t) dx.
The system of moment equations is obtained in 3 where its importance and use will also be explained. The study of the moment equations led us to investigate the following general system of nonlinear ordinary differential equations" the periodic solutions but the stability of the solutions is also immediately resolved without recourse to further techniques.
Finally, in 5 we investigate our main problem (1.1)-(1.3). By coupling our theory of 3 and 4 with the theory of characteristics for first order partial differential equations we are able to demonstrate the existence of periodic solutions of (1.1)-(1.3) when p is increased slightly beyond its critical (or bifurcation) value p*= 20. Furthermore, our multi-time scale perturbation analysis yields the entire time history of the solution y(x, t) of (1 .1) 
We make the usual assumption [1] It will be convenient to introduce the following dimensionless variables:
k2r, Hence, the 05(0 in our problem (2.11)-(2.14) is the second moment of y(x, t). We shall see that we can obtain a closed system of nonlinear ordinary differential equations for the first three moments mk(t), k--1, 2, 3. These will be solved asymptotically in 6. Thus, for small 6, tk(t) will be known, and (2.11)-(2.14) will reduce to a problem in linear first order partial differential We shall be interested in finding only the leading term of (4.7), and thus, we do not need to retain the exponentially decaying terms in (4.16) since these terms can never give rise to secular terms in the calculation of A(r).and B(r). Using our lemma to suppress secular terms in (4.11), we see immediately that we must require that o91 0. Then, the solution of (4.11) (4.25) show that the solution X(t*, r) approaches a limit cycle in the x 1 We shall now show that b(t) is, in fact, a known positive function which does approach a periodic function as t--+ m. Furthermore, the virtue of our two-timing method yields (for sufficiently small ) the entire time history of qS(t) and its manner of approach to a limit cycle. Thus, we can obtain the same time evolution for y(x, t). 
